Nitrogen gas (N 2 ) has been considered as inert and has been used to form atmosphere similar to vacuum. However, it has been shown in these years that friction between Si 3 N 4 /CNx [1], CNx/CNx [2], steel/CNx [3] or Diamond/DLC [4] is much smaller in Nitrogen gas than in high vacuum. This paper reviews those recent observations showing low friction in N 2 and discusses on its mechanism. CNx coating is formed on Si wafer or Si 3 N 4 substrate by deposition of carbon together with accelerated nitrogen ion with system shown in Fig.1 .
CNx coating is formed on Si wafer or Si 3 N 4 substrate by deposition of carbon together with accelerated nitrogen ion with system shown in Fig.1 .
CNx coating hardness varies in the range of 20~30 GPa. The microstructure of CNx is amorphous. The nitrogen atomic content is 12~13 atm %.
In sliding test in various gases, Si 3 N 4 ball of diameter 8 mm is used.
EXPERIMENTAL RESULT [I]
In Fig. 2 , friction coefficient µ between Si 3 N 4 /CNx shows highest value in O 2 and smallest value in N 2 . It must be noticed that friction in vacuum is much higher than in N 2 , which means that N 2 forms a tribolayer on the surface of Si 3 N 4 ball and/or of CNx. Fig. 2 The effect of gases on friction coefficient between Si 3 N 4 ball and CNx coating [1] . Fig.3 The effect of N 2 gas pressure on friction coefficient between Si 3 N 4 and CNx [1] . Fig. 3 . shows that friction coefficient µ decreases together with the increase of N 2 gass pressure. Therefore, it seems quite realistic that N 2 forms a tribolayer of low friction on the surface of Si 3 N 4 and/or CNx.
EXPERIMENTAL RESULT [III]
In sliding of a steel ball against CNx coating, Fig. 4 shows that the friction coefficient is very high in UHV and very low in N 2 gas. This result shows again that a tribolayer of very low friction is formed in N 2 gas on the surface of the steel ball and/or CNx coating. Fig. 4 The effect of atmosphere on friction coefficient µ between steel ball/CNx coating [3] .
EXPERIMENTAL RESULT [IV]
In sliding of a diamond pin against DLC, friction and wear are highest in vacuum and lowest in N 2 gas (Fig.5) . Air gives the values of in-between them. This result confirms that even in the contact between diamond and DLC N 2 forms a tribolayer of low friction and wear on the surface of diamond pin and/or DLC.
EXPERIMENTAL RESULT [V]
Fig . 6 shows the friction coefficient µ between CNx on Si 3 N 4 ball and CNx on Si 3 N 4 disk, and wear rate w s of CNx on ball. It is obvious that the stream of N 2 supplied to the contact interface through a pipeof diameter 4 mm at the rate of 2.1 cc/mm 2 s in air is sufficient to reduce friction coefficient below 0.02 and w s below 2x10 -8 mm 3 /Nm, which are lowest values among other gases of Ar, CO 2 , O 2 and air. This result confirms the usefulness of N 2 gas as a lubricant for the contact of materials of Si 3 N 4 , CNx, diamond, DLC and steel.
CONCLUSIONS
N 2 gas effectively reduces friction and wear in sliding contact of Si 3 N 4 , CNx, diamond, DLC and steel. Fig. 5 The effect of atmosphere on friction coefficient µ and wear rate w s between diamond pin and DLC [4] . Fig. 6 The effect of gas stream in air on the friction coefficient between CNx and CNx coated on ball and disk [2] .
